Phospholipids were extracted from human amniotic fluid by various procedures, including the two most commonly applied to amniotic fluid for evaluation of fetal lung maturity. We find that the yield of phospholipid is greatly procedure dependent.This should be taken into account when one is considering the various reported methods of evaluating fetal lung maturity, because in some of them phospholipid data are expressed in terms of absolute concentration in the amniotic fluid. There were also significant differences in phospholipid composition in extracts prepared by the various procedures, but in general these were not large enough to influence evaluation of fetal lung maturity by methods in which phospholipid data are expressed in relative terms, as ratios or percentages-e.g., in the Iecithin/sphingomyelin ratio and "lung profile" procedures. In the extraction method originally recommended for determination of the lecithin! sphingomyelin ratio, both the yield and composition of phospholipid depend on the extent of mixing. tract on a column of Sephadex (5, 6) .
usuallyextracted by mixing a small volume of amniotic fluid with an equal volume of methanol, then vortex-mixing with one or two volumes of chloroform, which yields in one stepa biphasic mixture with phospholipid in the chloroform (lower) layer. The latter approach has been widely adopted, because it is rapid and solvent volumes are conveniently small.
In this study, we compared lipid extracts prepared from amniotic fluid by various clinical and research methods with respect to the yield of phospholipid, the relative proportions of the different phospholipid classes in the extract, and (for one method) the effect of varying the extent of mixing during extraction.
Materials and Methods
Samples of amniotic fluid were obtained by transabdominal amniocentesis as part of routine management of complicated pregnancies. After centrifugation, a portion of the supernate was used without delay for determination of the lecithinlsphingomyelin (uS) ratio (7) , and the rest was stored at -20 OCI Samples with L'S ratios of 2 to 5.5 were selected for use in this study. Details of many of the reagents and materials used are given elsewhere (8, 9).
Extraction Methods

Method of Foich et al. (3). Amniotic fluid was extracted at
0 #{176}C with 20 volumes of a 2/1 by volume mixture of chloroform and methanol. We used the procedure described by Nelson (5) for plasma. After it had stood for 30 mm, the extract was filtered through a firm plug of glass wool, which was washed with a little more chloroform/methanol. Nonlipid contaminants were removed by either of the following methods: (a) Folch-wash. A portion of the extract was shaken with 0.2 vol of isotonic saline and the lower phase was collected when it became clear (3). (b) Chromatography on Sephadex. A portion of the extract containing about 40 g of P was dried2 and the residue extracted with5 mL of Folch lower phase (FLP). The residue was then dispersed in about 1 mL of Folch upper phase (FUP) to disperse any entrapped lipid (6) , dried, and the residue extracted with a further 5 mL of FLP. The combined FLP extracts were dried, redissolved in a small volume of FLP, and applied to a 0.5 x 7 cm column of Sephadex G25, coarse (Pharmacia, 
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Uppsala, Sweden), which had been washed with FUP and equilibrated with FLP just before use (6) . Phospholipids were eluted with 10 mL of FLP, then non-lipid P was eluted with 10 mL of FUP. (4) . Methanol,then chloroform, was added to amnioticfluid to givea mixture consisting of chloroformlmethanollwater (1/2/0.8 by vol). Aftervigorous mixing and standing for 2 mm, sufficient chloroform and then distilled water was added (with mixing aftereach addition) to bringthe proportions ofchloroform, methanol, and water to 2/2/1.8. The phases were allowedto separate and most of the lower layer was collected. The rest was collected after centrifuging the emulsion remaining at the interface.
Method of Bligh and Dyer
Method of Gluck et al. (2).
(a) Replicate 2-mL portions of amniotic fluid in 15-mL centrifuge tubes were vortex-mixed for10 s with 2 mL of methanol. Then 4 mL of chloroform was added to each tube and the mixture was vortexed again (for a further 20s, unless otherwise indicated). After centrifugation, the clear lower phase was collected with a Pasteur pipette. However, emulsion at the interface prevented complete collection. Therefore, blanks containing NaC1 (9 g/L) instead of amniotic fluid were processed in the same way to provide an estimate of the total volume of the lower phase in the absence ofany emulsion.(b) Same as for a, but only 2 mL of chloroform was used per tube.
Extracts obtained by all methods were finally dried and redissolved in FLP. Total phospholipid P was determined in triplicate (9) .
Determination of Phospholipid Composition
Phospholipid classes were separated by two-dimensional thin-layer chromatography on plastic-backed plates as described previously (8) . Plates were prewashed by chromatographing overnight in methanol/water (9/1 by vol). After application of the sample and between solvents the plate was dried for 5 mm in a fume hood, then for 5 mm at 60 #{176}C. Lipid extract corresponding to 4-5 g of P was dried in a sample tube and transferred to the chromatographic plate with FLP. The total P content of any residue in the tube was determined (usually <5% of the total sample P). After chromatography, the plates were dipped in a modified molybdenum blue reagent (8) .
As soon as the plates appeared dry, the blue phospholipid spots were cut out with scissors, then held with fine forceps over a test tube while the silica gel was washed from the backing with 2-3 mL of chloroform/methanol (2/1 by vol) directed in a gentle stream from a Pasteur pipette. (The silica gel should slide off the plate in one piece and drop to the bottom of the tube without touching the sides.) Blank areas of the plate were treated in the same way.
Magnesium nitrate was added and phospholipid P was determined as described previously (9), with the following modifications: (a) After the addition of HCI and hydrolysis, the tubes were allowed to stand until the silica gel had settled; the colorreaction was then carried out on 0.5 mL of the supernate with use of half the usual volumes of Triton X-l0O and malachite green reagent. (b) For phosphatidylcholine (PC), six times the usual volumes of Mg(N03)2 and HC1 were used and a 0.3-mL sample, diluted to 0.5 mL with HC1, was used for the color reaction.
The whole procedure was carried out in duplicate or triplicate for each extract. The P content of each phospholipid spot was expressed as a percentage of the total P recovered in all spots. The total P in the phospholipid spots togetherwith the residue in the sample tube usually accounted for about 80% of the total P in the sample (mean 79%, SEM 2%; n = 23).
Data were analyzed by analysis of variance, with comparison of means based on a t value adjusted (according to Scheff#{233}) to allow for multiple comparisons, or by Student's ttest (10). For each experiment, the phospholipid composition was determined in batches consisting of one extract prepared by each of the methods so that data could be "paired" accordingto assaybatch,if required.
Results and Discussion
Purifying the lipid extract by Sephadex chromatography gave about a 15 to 20% lower yield of total phospholipid than Folch-washing (Table 1) .Incomplete extractionof phospholipids from the insoluble residueof salts and proteinsthatwas left after evaporation of the original extract before chromatography probably accounts for this result. The difference cannot be attributed to less effective removal of impurities by the Folch-wash method, since amniotic fluid extracts contained only about 3% non-lipid P-that is,P eluted from the column by FUP.
There were significant differences in the phospholipid composition of the extracts obtained by these two methods (Table 1) . Folch-washing reduced the relative proportion of lysolecithin (LL) by about 85% and that of phosphatidylethanolamine (PE) by 20-30%. The latter result is significant for pooled data from batches 1 and 2 (p < 0.05, paired t-test). Moreover, a tendency for the proportion of phosphatidylglycerol (PG) to be lower and phosphatidylinositol (P1) to be higher in the Folch-washed extracts resulted in a significantly lower PGIPI ratio in such extracts (p < 0.005, paired t-test, pooled data).
All the methods in Table 2 are related in the sense that, in each case, the lipid extract is "washed" by equilibration against an aqueous phase. The Gluck methods (a and b) yielded about 40% less total phospholipid than did the other two methods (Table 2) . Part, but not all, of this loss could be accounted for by entrapment of some of the chloroform layer in the emulsion at the interface between the phases (see Footnote b, Table 2 ). A tendency for the Gluck methods to give a higher proportion of sphingomyelin (SM) (and therefore a lower PC/SM ratio) was noted and subsequently confirmed ( Table 2) .
The value for PG given by the Bligh and Dyer method tended to be lower than that given by the other methods (Table 2 ), but the difference was not statistically significant. However, because information on the amount of it in amniotic fluid can be useful in assessing fetal lung status (11), we investigated this point further. An additional sample of amniotic fluid was extracted by the Bligh and Dyer and the Folch-wash methods. In this experiment the mean percentage of PG in the extract (mean ± range, n = 3) was 2.6 ± 0.2 and 2.6 ± 0.3 for the Bligh and Dyer and the Foich-wash methods, respectively. It therefore seems unlikely thatthere is any real difference in the PG content of the extracts obtained by the different extraction methods.
More LL was recovered by the Gluck methods (a and b) than by the Bligh and Dyer and Folch-wash methods (Table   2 ), but the valueobtainedwas still considerably lowerthan that predicted for the Sephadex method by the data in Table   1 . Using the latter method, we found LL to be present in amniotic fluid in amounts comparable to SM, PG, and P1 (Table 1 ). In many previous investigations, the amount of LL in amniotic fluid has probably been grossly underestimated because extraction methods involving partitioning against an aqueous phase have been used.
For the Gluck method a, the method originally recommended (2) and still widely used in clinical laboratories in 'For I, duplicateextractions werecarriedout inparallel by the methodsindicatedona pooledsampleof amnioticfluid, and thephospholipid composition of each extractwas determinedby two-dimensional thin-layer chromatography. For II, a second pooled sample of amniotic fluid was extracted by each method and phospholipid composition was determined only by one-dimensionalthin-layer chromatography.These data were pooled with the datain I for statistical analysis. Eachvaluerepresents the mean± SEMof six (I) or nine (II) determinations.For key to abbreviations, seeTable 1.
b Beforecorrecting forincomplete recovery of the lower layer (see Materialsand Methods). Aftercorrection,the yields of total phospholipidwere 58 and 62 mg/L for methods a and b, respectively.
CThe overall mean value for the two Cluck methods differs significantly from the overall mean value given by the other two methods (p < 0.05, analysis of variance determiningthe L/S ratio, results obtainedby vortex-mixingfor either 15 or 30s were generally similar, although the significantly lower yield of PG given by the shorter mixing time is noteworthy (Table 3) . Mixing by sharply inverting the tube instead of vortexing resulted in a lower yield of total phospholipid (only about 60% of the value predicted for the Folch-wash procedure by the data in Table 2 ). Inverting gently instead of sharply, a procedure recommended in another investigation (12), reduced the yield from 60% to 30% (data not shown).
When the sample was mixed by inversion, phospholipid percentage composition and PC/SM ratio were both significantly altered (Table 3) . Moreover,in experiment II (Table  3) , an overall correlation was found between the PC/SM ratio of the individual extracts and the yield of total phospholipid obtained (p < 0.01, n = 12); the latter value presumably reflects the degree of mixing achieved during extraction of a particular sample, irrespective of the mixing procedure used. These findings indicate that the intensity of mixing during extraction of lipid from amniotic fluid represents another potential source of between-operator and between-laboratory variation in the assessment of fetal lung maturity by the L/S ratio method. The significantly lower PG/SM ratio given by the less-vigorous mixing procedures (Table 3 , experiment I) suggests that the extent of mixing may also be critical in procedures for assessing fetal lung maturitywhich requiremeasurement ofPG. When biphasic extraction methods are used, samples should not be mixed by inversion. Rather, they should be vortexed thoroughly under well-defined and reproducible conditions, as previously recommended (13).
Of particular interest is the finding that the commonly used clinical methods (Gluck methods a and b) yielded considerably less phospholipid than the other methods ( Table 3 ). The yield obtained by the former methods is likely to be quite variable because it depends on both the extent of mixing (Table 3 ) and the volume of the lower layer trapped in the emulsion remaining at the interface after centrifugation. The choice of extraction method is therefore an important factor to be borne in mind when reviewing the literature relating to all methods for evaluating fetal lung maturity in which phospholipid data are expressed in terms of concentration in the amniotic fluid. These include methods based on the determination of total phospholipid, lecithin, disaturated lecithin, palmitic acid, "10,000 g pellet" phospholipid, and "lamellar body" phospholipid (1). 
